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EFFECT OE AILERON DISPLACEMENT ON WING- CHARACTERISTICS 

By R. H. He aid 



SUMMARY 



The effect of aileron displacement on. wing_ character- 
istics has been investigated for the Clark Y and U.STA^ 27 
wing sections equipped with rectangular ailerons. The , 
airfoils, rectangular in plan, and having a 10-inch chord 
and 60-inch span, were mounted on a model fuselage. Two 
sets of ailerons, both of 20-inch span, were used, the 
chord for one sot being 2 inches, for the other Q 3 inches. 
Measurements were made for angles of pitch of 0 , 12° x _20° 
and 40°. 

When both ailerons were displaced equally in oppo- 
site directions (the conventional arrangement) , the lift 
was reduced, the drag increased, and the center of pres- 
sure moved forward. V«hen one aileron was displaced down- 
ward, the lift was increased, the drag was increased, the 
center of pressxire remained in nearly the same position. 
When one aileron was displaced upward, the lift was de- 
creased by an amount greater than that observed for the 
conventional arrangement, the drag was decreased for a 
large part, although not all, of the range of aileron dis- 
placement investigated, and the center of pressure moved 
forward by ah amount not greatly different from that ob- 
served for the conventional arrangement. 

The one-aileron and two-aileron methods of determin- 
ing the characteristics of the conventional arrangement" 
were compared and the agreement found ' to be s~at~i~s factory. 

The investigations were conducted in the Bureau of 
Standards 10-foot wind tunnel in cooperation with the Aero 
nautics Branch of the Department of Commerce and withthe 
National Advisory Committee for Aeronautics. 
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INTRODUCTION 



The changes in wing characteristics, which take. place 
as a result of aileron movement are of importance in con- 
nection with the suggested use of..one aileron, displaced 
upward, as a possible means of securing improved lateral 
control* The effects of the downward displacement of a 
flap on the lift, drag, and pitching moment of an airfoil 
have been investigated experimentally by Naylor and oth- 
ers. (References 1 and 2.) The effects of aileron dis- 
placement, especially those arising as a result of the 
upward displacement of a single aileron, or the simulta- 
neous-displacement of both ailerons in opposite directions 
have not been experimentally defined. A theoretical treat- 
ment of the subject is given by Wiesel sbergor in reference 
3. ... 

.Measurements to determine the effect of aileron dis- 
placement are often made using a single aileron. The re- 
sults for the conventional arrangement, in which ailerons 
On opposite wings are displaced through egjual angles but 
in opposite directions, are then obtained by computation. 
This procedure neglects the possible existence of mutual 
interference when both ailerons are displaced simultaneous- 
ly. Although an investigation of this effect has been 
made previously (reference 4), it seemed desirable. to con- 
duct bhe experiments so that a somewhat more detailed com- 
parison could be made of the results obtained by means of 
the oue-ailerqn and two-aileron methods^ 

'-- - - ihlTHObs OF. M5ASUREM1N? //..I/./ ... 




In order to make the results of this investigation 
.comparable with those given in references 3, 4, and 6, 
the same fuselage; and airfoils were used. The principal 
dimensions are given in chord" lengths" in Figure la. It 
will be noted from the figure that the wing is set at an 
angle of +4° to the axis of the fuselage and therefore 
the angle Of attack of the wing is always 4° greater than 
the angle of pitch to which the measurements in thi s re- 
port are referred, 

]for the determination of lift, drag, and pitching mo- 
ment i;he model was suspended in an inverted position at 
the center of the air stream by means of four small steel 
wires attached to an adjustable frame above the tunnel. 
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(Pig. l,b.) The weight of the frame, model, and counter- 
weight W x was supported in part by two balances of the 
pendulum, type B and B x and, in part, "by a counter- 
weight W. acting, by means of a lever, on the horizontal 
member H of the frame. The connection of this member 

of the frame to the pit'ching moment balance B was a . 

point-pulley bearing 0. The member H was maintained 
horizontal during a run by adjusting the screw N accord- 
ing to the indications of a sensitive level mounted on H. 
Adjustments of the model in pitch were accomplished by 
tilting the movable member of the frame A, about the 
axis 0 2 . The pitch angles were set off on a scale marked 
on the sector S, and were checked before and after a run 
by direct measurement of the distances from the extremi- 
ties of the fuselage axis to a horizontal reference plane 
established for the purpose. 

In order to stabilize the model with the wing span 
horizontal, i.e., the condition of zero roll, the mova- 
ble counterweight was attached well below it. Small 
stay wires connected this weight with the wing tips. Dur- 
ing a run the counterweight was moved laterally in it's 
fairing a distance sufficient to give a countermoment ap- 
proximately equal in magnitude to the rolling moment im- 
posed by the aileron displacement. The yawing moments 
were balanced by the torsional restoring moment of the 
wire suspension system. The resulting angle of roll was 
less than 2°, the angle of yaw less than 1°. 

When measurements are made using this apparatus the 
lift of the model is equal to the sum of the net readings 
indicated by the balances B and B r . The drag is deter- 
mined from the observed defleotion due to the wind, the 
weight Wj. being free to follow this deflection. The to- 
tal drag is equal to the combined weights of the model, 
wires, and lower counterweight plus the lift, times the 
tangent of the angle of deflection. The net drag is equal 
to the total drag minus the wire drag, which - is computed 
from the diameter and length of the wire and the air speed 
The pitching moment about the point of attachment r 0, of 
the front wires to the model, referring again to Figure 
l*b, is determined as follows: The total pitching moment 
caused by the wind on the model about point 0 will be 
equal in magnitude to the total moment about the point 
0s. The experimental apparatus, however, is designed to 
measure the magnitude of the moment about Oi instead of 
0 2 . A correction to the observed moment is accordingly 
necessary. Since is located vertically below 0 2 , 
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that is, in a direction from_ 0 3 _ parallel^to theJLiffc 
force,, and the entire "drag force "on the model is opposed 
by a reaction at Qi , the effect of the correction will 
bo to diminish the ob served moment by the value of the 
total drag times the distance between Oj. and O a . The 
total drag is the sum of the drag «rf the model and the 
drag of suspension wires exposed to the air stream. The 
corrected moment about 0 X is therefore _equal to the 
pitching 'moment acting about the cross-wind axis through 
point 0 on the model. Lift, drag, and pitching moment 
observations are made simultaneously. Rolling and _y awing 
moments have been determined previously. (References 3 
and 4,.) 4 ■ * 



Qlhe 20 by 2 inch and the 20 by 3 inch ailerons mount, 
ed on the Clark T wing and ailerons of the same, sizes 
mounted on the U.S.A. 27 wing were used in this investi- 
gation. The observations were made at a wind speed of 40 
feet per second corresponding to a Reynolds Number of 
210,000. ~ .. . . ... -.. _v . " " : 
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0 U 




; 



ratio* to the chord of the distance 
of the center of pressure from the 
projection of the leading edge on 
line A- A, Figures. 5-9, 



COMPARISON Off THE ONE-AILEBOH" A1ID TWO-AILSHON METHODS 



In studying the effects of aileron displacement it is 
often convenient to use a model of half span and a reflect- 
ing plane or to use the complete wing with a single aile- 
ron. When either of these methods is used, as, for exam- 
ple, in determining rolling and yawing moments, the total 
moments are obtained by adding, algebraically, the net 
values for corresponding upward and downward displace- 
ments, determined from runs on one aileron. it is assumed 
that the values so obtained are equal to the values which 
would be obtained from the simultaneous displacement of 
both ailerons in opposite directions. Because this meth- 
od does not take account of mutual interference between 
the ailerons, its validity has been questioned. 

The effect of mutual interference has been investi- 
gated previously in the Bureau of Standards 10-foot wind 
tunnel in connection with the study of rolling and yaw- 
ing moments and has been found to be of the same order of 
magnitude as the experimental error, and accordingly neg- 
ligible in practical performance estimates. As a further 
check, tests were made on the model (figs. l,a and l,b) in 



*It is customary and desirable when the model represents 
a specific airplane to refer the coefficients of pitching 
moment to a moment center corresponding to the center of 
gravity of the full-scale airplane and to refer the center 
of pressure coefficients to the thrus.t line," which - may or 
may not coincide with the axis of the fuselage. Since the 
model used in these tests does not represent a specific 
airplane but rather a general type, it seemed unnecessary 
to carry through this refinement. The pitching moments 
with respect to any moment center other than that used, 
or the center of pressure positions with respect to any 
fixed point on the fuselage, are readily determinable from 
the data given either graphically or by computation. The 
pitching moment coefficients have been included in the ta- 
blos in order to illustrate the degree of agreement be- 
tween the one-aileron and two-aileron methods. 
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connection with the study of the lift, drag, and pitching 
momoni; character! sti c a. The work of the 30 "by 2 inch and 
the 20 "by 3 inch ailerons mounted on the Clark Y and U.S.A. 
27 wings for 0 pitch was extended to form this part of 
the investigation. The procedure used in determining the 
combine* values is best described by means of symbols. 
Let L 0 , D 0 , and M 0 represent, respectively, the abso- 
lute lift, drag, and pitching moment coefficients* for 
the model with the ailerons neutral. Let AL, AD, and 
AM represent the changes in lift, drag, and pitching mo- 
ment coefficients when the ailerons are displaced. Also 
let the subscripts r and \%' represent the right and \. 
left s.ilerons, respectively, and the subscripts u and 
d represent the direction of the displacements, upward 
and downward, respectively. 



The. changes in the coefficients for the model when 
the ailerons are displaced are represented by 

, L ... when the right aileron is 

ALru. ADru and AM ru displaced upward, 

-■ - ■ ■- * ' — "when the left aileron is 
ALiu, AD lu and AM iu displaced upward, 



and 



when the right aileron io 
AL r cL, AD rd and AM rd displaced downward^ 

. . - . - . - when the left aileron is 

ALid. ABld and AMi 4 displaced downward,. 



The mean changes in L, D, and M are: 



(L 0 -L r u ) + (L 0 -L iu ) 
AL U = ——5 — • — 5 ALd = 



AD, 



2 



Ahv. = - ,., ---r, — - - > . AMd 

The values "for the lift, drag, and moment coefficients 
given in the tables, for 0° pitch labeled "up and down, by 
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m ^ - 


(Do' 


-Drd) 


+ 


(Do-Dld) 












-Mpd) 


+ 


(Mo-"ld) 






2 





These designations are used for the coefficients to avoid 
awkward double subscripts. 
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addition" are obtained from the expressions: 

Gt, = L 0 + AL U + ALd. 
C D = D Q + AD U + AD& 
0 M = M 0 + Al^ + AH d 

The values for 0° pitch labeled "up and down, by 
observation" are obtained from the expressions; 

_ _ L ruld + L iurd 
0 L - g 

D ruld + ^lurd 

o D - ■ — . 

Mruld + Hi ur d 
CM = 3 " 

Because of the general unsteadiness of the model at 
the high pitch angless, measurements w^re nade only on the 
right aileron ia the one-aileron method e The values ill 
Tables I-IV headed "up and down, by addition" for pitch 
angles of 12°, 20°, and 40° were determined from the fol- 
lowing expressions: 



+ AD rd 



The values in the columns headed.- "up and down, by observa- 
tion" for pitch-angles of 12°, 20°, and 40° were obtained 
from observations made using both ailerpns, displaced si- 
multaneously in opposite directions, the riffht aileron up, 
the left one down. This method necessarily lacks the pre- 
cision of the one adopted for 0° pitch in that the angleB 
of attack at the wing tips may differ because of warping 
of the model or unsymmetrical air flow in the tuunel. 





= Lo 


+ AL ru 




" D o 


+ AD ru 


cm 


= M 0 


+ AM ru 



It will be seen from the tables that in general the 
observed and computed values of the lift and drag coeffi- 
cients agree within a few per cent for all pitch setting's. 
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In some cases the observed and computed pitching moment 
coefficients differ decidedly when the aileron displace- 
ment is greater than 24 . This appears, to "be due to the 
combir-.ed effects of difference in angle of attack of the 
wing at the tips, air spin in the tunnel, and unsteady air 
flow about the model, particularly at high aileron angles. 



ElEECT Off AILERON DISPLACEMENT ..ON WING _aHARACT]|EISTICS 

Ihe results of this part of the investigation are 
given numerically in Tables I-IV. Jigures 2 to 9 illus- 
trate graphically the changes in lift, drag, and center of 
pressure in the case of the Clark Y wing. The results 
show the effects of aileron displacement to be similar for 
both the Clark Y and U.S.A. 27 wings. 

In general, the changes in lift coefficient (fig, 2) 
are approximately proportional to aileron displacement, 
In most cases the loss in lift of the wing due to a given 
upward displacement of one aileron is somewhat greater 
than the gain in lift due to an equal downward displace- 
ment, in agreement with the relationship existing between 
the co fre sponding rolling moments, noted in references 3 i -' 
and 4. The total lift of the wing is therefore decreased 
slightly when the ailerons are displaced equally and si- 
multaneously, one up, the other down. (Fig. 2.) The 
marked change in the slope of" the curve of lift coeffi- 
cient against aileron angle (fig. 2) which occurs above 
the 24 3 point, is in substantial agreement with the change 
in slope of the rolling moment curve for the same condi- 
tions. 

The upward displacement of one aileron causes a de- 
crease in total drag through a large range of aileron 
travel;, STS Illustrated in Pigure 3. In the case of the 
20 by 2 inch aiieron on the Clark Y wing, 0° pitch (fig. 
3) , the total drag as compared with the drag when the ai- 
leron i.s neutral ^is reduced throughout the range of ai- 
leron 1; ravel between, 0° and 23°. The maximum* reduction, 
13 per cent, occurs when the displacement is 11°. Tnen 
the pitch angle is increased to 12° the region of reduced 
drag extends beyond the 44 aileron displacement. The 
maximum reduction in drag coefficient for a pitch angle 
of 12° is 15 per cent and occurs wHen the aileron is dis- 
placed 22°. The change in direction of the drag incre- 
ment due to the upward displacement of one aileron is in 
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agreement with, the reversal in direction of the yawing mo- 
ment. Simultaneous displacement of both ailerons, equally 
hut in opposite directions, results in increasing the drag 
of the model for all conditions investigated. 

The center of pressure positions were computed using 
the observed values of lift, drag, and pitching moment. 
Upward displacement of one aileron causes the center of 
pressure of the model to move forward. The amount of 
movement depends on the amount of upward aileron displace- 
ment and on the pitch angle of the model as illustrated in 
Figures 4-9. Reference to Figure 4 and to the tables will 
show that the amount of center of pressure movement is 
also governed by the aileron chord, being definitely great- 
er for displacements of more than 24° in the case of the 
larger ailerons. When both large chord ailerons are dis- 
placed equally but in opposite directions, the pitch an- 
gle being 0°, the center of pressure moves less than when 
one large chord aileron is displaced upward. The travel 
of the center of pressure on the model due tb aileron dis- 
placement is relatively greater than the travel, dueto 
changing the angle of pitch within the range of these 
tests. Referring to Table I, for example, displacing both 
ailerons 24 with 0° pitch angle reduces the value of the 
center of pressure coefficient from 0.34 to 0.28, while 
increasing the pitch from 0° to 20° with ailerons neutral 
reduces the value of Cp from 0.34 to 0.32. 

CONCLUSION 



A comparison of the results obtained by the one-aile- 
ron and the two-aileron methods of estimating the perform- 
ance of the conventional arrangement indicates that neg- 
lecting mutual interference between the ailerons "is - not an 
important factor affecting the precision of the results. 
The most disturbing factors appear to arise from (l) dif- 
ference in the angle of attack of the wing at the tips and 
at midspan due to warping or to wind loading during a run 
and (2) spin in the tunnel air stream* T 

The effects of the upward displacement of one aileron 
determined as a result of this investigation are: 

1. A reduction in total lift, the amount of the re* 
duction depending on the chord of the aileron and the dis- 
placement. 
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2. A reduction in total drag'at .least until the ai- 
leron displacement becomes very large; .._._'. __. 

S. A forward, travel of the center of pressure of 
the model. In general, thiB travel is comparable i- with or 
a little greater than the. travel due-, to the- displacement 
of. bo'-t'h ailerons in the. conventional manner".'-' 

Bureau of- Standards, 

Washington, X>. C. , October 13, .1933. • 
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TABLE I. 


CHARACTERISTICS OT CLARK I AIRFOIL AHD FUSE LAGS, WITH 30 BY 2 IHOH AILEROHS 
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160 


.82 


.88 


.83 


.84 


.87 


.95 


.90 


.91 


1.08 


1.31 


1.10 


1.16 


.31 


.34 


.33 








34° 


.80 


.87 


.80 


.84 


.85 


.96 


.89 


.91 


1.06 


1.19 


1.06 


1.16 


.31 


.33 


.33 








330 


.78 


.88 


.79 


.82 


.84 


.96 


.88 


.91 


1.01 


1.30 


1.02 


1.09 


.39 


.33 


.26 








*°? 


.78 


.90 


.81 


.82 


.84 


1.00 


.92 


.94 


1.03 


1.31 


1.05 


1.11 


.31 


.33 


.26 








44° 


.80 


.90 


.83 


.86 


.85 


1.01 


.94 


.96 


1.07 


1.34 


1.13 


1.16 


.33 


.33 


.39 








TABLS II, 


CHARACTERISTICS OT CLASS T AIRFOIL ASS FUSELAGE, 


WITh'20 BT 3 IIOH AILZROVS 








Lift coefficient 


Drag coefficient 


Moment coefficient 




°P 








0 


6 A 






Ifo and down 






Up and down 






Up and down 






Up and 










Dp 


Down 


(by 


(by 


Up 


Down 


(by 


(by 


Up 


Down 


(by 


(by 


Up 


Down 


dn (by 












addi- 


obssr- 






addi- 


obaer- 




addi- 


obser- 






obser- 














tion) 


Tation) 






tion) 


Tation) 






tion) 


vation) 






vation} 






0° 


0° 


0.71 


0.71 


0.71 


0.71 


0.053 


6.053 


0.063 


0.053 


0.67 


0.67 


0.67 


0.67 


0.34 


0.34 


0.34 










.63 


.76 


.69 


.69 


.048 


.059 


.054 


.053 


.69 


.73 


.65 


.66 


.34 


.36 


.34 








a° 


.68 


.81 


.68 


.67 


.045 


.066 


.058 


.058 


.54 


.78 


.65 


.64 


.33 


.35 


.36 








16° 


.48 


.89 


.66 


.64 


.048 


.084 


.079 


.077 


.42 


.86 


.63 


.58 


.27 


.34 


.31 








24° 


.42 


.95 


.65 


.63 


.059 


.099 


.105 


.104 


.35 


.90 


.58 


.53 


.21 


.37 


.35 








33° 


.35 


.96 


.59 


.59 


.072 


.118 


.137 


.137 


.27 


.90 


.50 


.47 


.16 


.33 


.19 








40° 


.29 


1.00 


- .58 


.55 


.088 


.137 


.172 


.172 


.18 


.93 


.43 


.39 


.01 


.33 


.11 








44° 


.26 


1.02 


.57 


.55 


.095 


.150 


.192 


.189 


.15 


.94 


.43 


.37 


-.02 


.3* 


.06 






12° 


0° 


1.11 


1.11 


1.11 


1.11 


0.20 


0.20 


0.20 


0.20 


1.06 


1.06 


1.06 


1.08 


0.34 


0.34 


0.34 






4° 


1.10 


1.13 


1.12 


1.13 


.19 


.21 


.20 


.20 


1.05 


1.09 


1.07 


1.06 


.34 


.34 


.33 








8° 


1.07 


1.13 


1.08 


1.10 


.18 


.23 


,20 


.20 


1.01 


1.08 


1.03 


1.03 


.33 


.35 


.33 








16° 


1.01 


1.14 


1.04 


1.03 


.16 


.25 


.31 


.20 


0.90 


1.08 


0.93 


0.93 


.38 


.33 


.28 








34° 


.93 


1.15 


0.97 


0.99 


.15 


.36 


.21 


.20 


;78 


1.10 


.83 


.88 


.33 


.33 


.28 








33° 


.88 


1.16 


.93 


.96 


.16 


.28 


.34 


.23 


.74 


1.11 


.79 


.82 


.33 


.33 


.23 








40° 


.88 


ins 


.95 


.94 


.1? 


.33 


.29 


.27 


.72 


1.12 


.78 


.76 


.30 


.32 


.17 








44° 


.81 


1.19 


.89 


.91 


.17 


.34 


.SO 


.28 


.64 


1.14 


.73 


.73 


.18 


.32 


.17 






30° 


o° 


0.92 


0.92 


0.92 


0.93 


0.48 


0.48 


0.48 


0.48 


0.96 


0.96 


0.95 


0.95 


0.32 


0.32 


0.33 






4° 


.90 


.93 


.90 


.93 


.47 


.50 


.49 


.49 


.91 


.99 


.96 


.96 


.30 


.36 


.34 








8 « 


.88 


.92 


.88 


.93 


.46 


.50 


.48 


.50 


.87 


.97 


.90 


.93 


.29 


.34 


.30 










.85 


.92 


.86 


.90 


.44 


.54 


.60 


.50 


.85 


1.00 


.90 


.90 


.29 


.35 


.28 








24° 


.83 


.96 


.87 


.87 


.43 


.56 


.61 


.50 


.81 


1.00 


.86 


.85 


.24 


.31 


.36 








32° 


.84 


.96 


.88 


.86 


.42 


.58 


.62 


.53 


.81 


1.00 


.86 


.80 


.36 


.31 


.21 








40° 


.83 


.96 


.87 


.86 


.43 


.60 


.66 


.55 


.80 


1.01 


.83 


.80 


.36 


.29 


.20 








44° 


.83 


.96 


.86 


.88 


.44 


.61 


.57 


.66 


.77 


.99 


.81 


.80 


.34 


.39 


.30 






40° 




0.87 


0.87 


0.87 


0.87 


0.92 


0.93 


0.92 


0.93 


1.19 


1.19 


1.19 


1.19 


0.34 


0.34 


0.34 








.89 


.91 


.93 


.88 


.94 


.93 


.97 


.91 


1.22 


1.27 


1.31 


1.19 


.37 


.38 


.34 










.90 


.93 


.96 


.88 


.96 


.95 


.99 


.93 


1.34 


1.29 


1.34 


1.19 


.34 


.38 


.33 










.88 


.94 


.95 


.87 


.91 


.96 


.36 


.93 


1.20 


1.30 


1.31 


1.15 


.35 


.38 


.31 








3 *°. 


.86 


.93 


.91 


.86 


.88 


.99 


.95 


.94 


1.14 


1.39 


1.34 


1.12 


.34 


.36 


.39 








33° 


.80 


.93 


.85 


.85 


.86 


1.01 


.95 


.93 


1.06 


1.36 


1.16 


1.09 


.31 


.35 


.37 








40° 


.79 


.93 


.84 


.80 


.86 


1:02 


.96 


.91 


1.0E 


1.26 


1.13 


1.07 


.31 


.33 


.24 








44° 


.63 


.91 


.88 


.82 


.86 


1.03 


.97 


.93 


1.10 


1.36 


1.16 


1.05 


.33 


.33 


.36 
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Lift ooeffioient 


Drag ooeffioient 


AUIllOUli 


ooeffioient 




°P 












Ud and down 






Up and down 




Up and down 








A 


°A 


tip 


Down 


ley 




Dp 


Down 


^ Dy 




TT*> TInwB 




^oy 


up 


Sown 


dn (by 








aaax— 


obser— 






inn 1 — 


obser— 


aw4i4 4 


obser- 




ob s ax- 










t ionj 


vauxon; 






4.4 


„ am 4* 4 1 




4*4 


vation) 






vat ion) 


o 


V 


0.68 


0.68 


0.68 


0.68 


0.043 


0.043 


0.043 


0.043 


Utvo U»Ofi 


0.62 


0.62 


V . ox 


ft **v\ 
u . ox 


ft *"A1 




4 

4 


• 59 


.73 


.63 


.65 


.035 


.046 


.038 


.041 


CO OA 


.56 


.68 


an 

■ CO 


a OX 


OQ 
• do 




8 


!bs 


.76 


.60 


.64 


.034 


.060 


.041 


.046 


,*o • rs 


.58 


.57 


■ ou 


• OO 


HQ 




16 


.60 


.82 


.64 


.63 


.037 


.oei 


.056 


.056 


A J no 


.66 


.53 




• OO 


OA 




34 


.'48 


.84 


.64 


.61 


.041 


.069 


.067 


.073 


jo an 


.60 


.53 


01 


• OO 


• er 




83 


.33 


.90 


.65 


.58 


.060 


.086 


.093 


.091 


qi Qi 
• O* . 8* 


.56 


.44 


OO 

.00 


• OO 


1 A 
• ±0 




40 


.37 


.93 


.63 


.87 


.058 


.096 


.101 


.107 


.37 .86 


.51 


.41 


.31 


.32 


.13 




44 


.35 


.93 


.60 


.56 


.066 


.103 


.134 


.129 


.24 .86 


.48 


.39 


.18 


.32 


.09 


13° 


_o 

2o 


1 Oft 


1 art 


i ao 

x. fly 


l ao 

x. aw 


ft i 7 

u . X r 


ft i 7 

U. X f 


0.17 


0.1? 


1.15 1.15 


1.15 


1.15 


0.35 


0.35 


0.35 


4 




t ai 
x.ax 




X. IB 


. xo 


• xo 


1 7 

.X f 


T 7 
.XI 


1.15 1.16 


X. xo 


x • XV 


• 36 


. 35 


• 35 




n n 


1 .18 


x.4o 


X. AX 




1 K 
*XD 


• Xo 


. X f 


.17 


1.15 1.19 


X . 10 


1.15 


.37 


.35 


.35 




■,aO 

16° 






1.31 


1.18 


. X* 


■ ay 


.17 


.17 


1.09 1.21 


1.15 


1.11 


.34 


.35 


.33 




84° 


1.13 


1.38 


1.31 


1.17 


.14 


.23 


.19 


.19 


1.06 1,24 


1.15 


1.07 


.34 


.35 


.30 




33° 


1.11 


1.38 


1.19 


1.17 


.15 


.23 


.20 


.20 


1.03 1.25 


1.13 


1.09 


.33 


.36 


.31 






1.09 


1.S8 


1.17 


1.16 


.16 


.24 


.31 


.21 


1.01 1 24 


1.10 


1.05 


.33 


.35 


SO 
« "y 




44° 


1-08 


1.28 


1.16 


1.17 


.15 


.25 


.23 


.32 


o!97 1.24 


1.06 


1.03 


!30 


.38 


.2? 


30° 


0° 


-r AO 
i.Ud 


n no 


t na 

l.US 


x • yfl 


U • OO 


ft 9tfl 


0. 38 


0.38 


1.06 1.06 


1 ftfi 


3.. 06 


0.37 


0.37 


0.37 




to 


n as 
U«os 


1 *uo 


1.00 


1.03 


a OO 


» OB 


.36 


.38 


1.05 1.06 


1.05 


1.09 


.39 


.37 


.39 




nio 


• OB 


J. «w* 


1*01 

X . 


1 04 

A. WW 


S4 
♦ o* 


■ O0 


J 35 


*8? 

.Of 


1.04 1.07 




1 1Q 

X . XV 


.39 


.37 


.39 




a!o 




1 ftp. 


1.04 


1.04 


« go 




'.38 


.39 


1.02 1.13 


1.08 


1.07 


.39 


.37 


.3? 




24" 


.95 


1.08 


1.01 


.1.03 


.33 


.45 


.39 


.41 


0.97 1.10 


1.01 


1.04 


.37 


.34 


.34 




33° 


.97 


1.08 


1.03 


1.03 


.33 


.47 


.42 


.46 


1.00 1.11 


1.05 


1.05 


.38 


.34 


.33 




40° 


.95 


1.13 


1.05 


1.03 


.36 


.47 


.44 


.47 


0.99 1.14 


1.0? 


"1.02 


.37 


.34 


.31 




44° 


.96 


1.13 


1.07 


1.03 


.34 


.50 


.46 


.47 


.97 1.12 


1.03 


1.03 


.36 


31 


.31 


40° 




0.90 


0.90 


0.90 


0.90 


0.88 


0.88 


o.es 


0.88 


1.22 1.22 


1.33 


1.23 


0.38 


0.38 


0.38 


*°> 


.90 


.91 


.91 


.93 


.89 


.89 


.90 


.89 


1.20 1.25 


1.33 


1.35 


.36 


.09 


.38 




8° 


.90 


.93 


.93 


.92 


.88 


.90 


.90 


.90 


1.20 1.26 


1.34 


1.34 


.36 


.38 


.37 




16° 


.89 


.93 


.93 


.93 


.87 


.90 


.89 


.90 


1.19 1.2? 


1.34 


1.24 


.36 


.39 


.36 




34° 


.85 


.95 


.90 


.89 


.85 


.94 


.91 


.94 


1.14 1.31 


1.23 


1.19 


.35 


.39 


.34 




33° 


.83 


.94 


.86 


.86 


.83 


.94 


.89 


.94 


1.09 1.39 


1.16 


1.14 


.34 


'.37 


.33 




40° 


.85 


.96 


.91 


.89 


.86 


.97 


.95 


.97 


1.13 1.31 


1.31 


1.17 


.33 


.37 


.32 




44° 


.87 


.96 


.93 


.88 


.86 


.97 


.95 


.97 


1.15 1.31 


1.34 


1.19 


.34 


.87 


.33 
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Lift ooeffioient 


Drag ooeffioient 


Moment ooeffioient 




°P 












Dp and down 






Dp and down 




Up and down 






Up and 


e 


°A 


Up 


Down 


(by 


(by 


Dp 


Down 


(*>y 


(by 


Up Dow: 


(by 




(by 


Up 


Down 


da (by 








addi- 


0b8«- 






addi- 


obser- 


addi- 


obser- 




obser- 










tion) 


Tatlon) 






tion) 


vation) 




tion) 


vation) 






vation) 


0° 




0.88 


0.68 


0.68 


0.68 


0.043 


0.043 


0.043 


0.043 


0.62 0.63 


0.63 


0.63 


0.31 


0.31 


0.31 




'1 


.61 


.73 


.66 


.67 


.039 


.048 


.044 


.045 


.54 .66 


.58 


. 59 


.29 


.32 


.28 




8 ° 


.54 


.77 


.63 


.65 


.034 


.053 


.044 


.050 


.47 .71 


.56 


.58 


.26 


.33 


.26 




16° 


.44 


.82 


.57 


.68 


.041 


.069 


.065 


.066 


.37 .74 


.49 


.49 


.24 


.30 


.25 




34° 


.40 


.87 


.58 


.57 


.049 


.088 


.094 


.096 


.33 .78 


.49 


.45 


.22 


.32 


.20 




33° 


.35 


.90 


.57 


.58 


.065 


.106 


.128 


.138 


.28 .81 


.45 


.44 


.14 


.30 


.15 




40° 


.29 


.93 


.54 


.56 


.076 


.131 


.163 


.158 


.19 .81 


.3{ 


1 


.40 


.05 


.27 


.09 




44° 


.26 


.95 


.53 


.54 


.086 


.137 


.170 


.174 


.15 .83 


.35 


.35 


0 


.28 


.05 


12° 


■ °o 


1.20 


1.20 


1.20 


1.20 


0.17 


0.17 


0.17 


0.17 


1.15 1.15 


1.15 


1.16 


0.35 


0.35 


0.36 


4° 


1.19 


1.24 


1.23 


1.18 


.16 


.18 


.17 


.17 


1.14 1.19 


1.18 


1.16 


.36 


.35 


.36 




8° 


1.14 


1.24 


1.18 


1.19 


.14 


.20 


.17 


.1? 


1.07 1.80 


1.13 


1.11 


.34 


.36 


.33 




16? 


1.07 


1.23 


1.10 


1.12 


.13 


.22 


.13 


.18 


1.00 1.19 


1.04 


1.03 


.33 


.36 


.31 




24° 


1.00 


1.35 


1.05 


1.04 


.13 


.23 


.19 


.18 


0.90 1.30 


0.95 


0.92 


.30 


.34 


.37 




33° 


0.99 


1.24 


1.03 


1.05 


.13 


.25' 


.31 


.32 


.87 1.19 


.91 


.91 


.2a 


.35 


.24 




40° 


.96 


1.36 


1.02 


1.01 


.14 


.37 


.34 


• .34 


.85 1.19 


.89 


.86 


.37 


.32 


.23 




44° 


.94 


1.24 


0.98 


0.98 


.15 


.37 


.25 


.35 


.81 1.19 


.85 


.81 


.25 


.33 


.20 


30° 


°2 


1.03 


1.02 


1.03 


.1.02 ■ 


0.38 


0.38 


0.38 


0.38 


1.06 1.06 


1.06 


1.06 


0.37 


0.37 


0.37 




*n 


1.00 


1.04 


1.02 


1.02 


.38 


.39 


.39 


.38 


1.03 1.08 


1.06 


1.06 


.37 


.38 


.38 




8° 


1.00 


1.06 


1.04 


1.03 


.36 


.42 


.40 


.40 


1.03 1.11 


1.07 


1.06 


.36 


.38 


.36 




16° 


0.96 


1.08 


1.02 


1.04 


.35 


.44 


.41 


.41 


0.97 1.14 


1.05 


1.06 


.35 


.37 


.35 




34« 


.91 


1.08 


0.9? 


0.87 


.31 


,47 


.40 


.43 


.90 1.14 


0.98 


0.97 


.34 


.36 


.33 




"2 


.88 


1.07 


0.93 


.94 


.31 


.49 


.42 


.46 


.87 1.14 


.95 


.91 


.33 


.37 


.38 




40° 


.93 


1.09 


1.00 


.96 


.33 


.62 


.46 


.48 


.90 1.14 


.98 


.92 


.32 


.34 


.37 




44° 


.91 


1.07 


0.96 


.98 


.33 


.63 


.47 


.48 


.88 1.09 


.91 


.93 


.32 


.30 


.26 


40° 


°S 


0.90 


0.90 


0.90 


0.80 


0.88 


0.88 


0.88 


0.88 


1.22 1.23 


1.32 


1.22 


0.38 


0.38 


0.38 






.90 


.90 


.90 


.91 


.87 


.93 


.93 


.89 


1.22 1.31 


1.21 


1.24 


.38 


.35 


.38 




8° 


.88 


.93 


.90 


• .90 


.84 


.92 


.93 


.89 


1.20 1.25 


1.33 


1.22 


.39 


.36 


.3? 




16° 


.86 


.96 


.91 


.88 


.87 


.96 


.95 


.90 


1.15 1.30 


1.33 


1.20 


.35 


.37 


.36 




24° 


.83 


.93 


.86 


.87 


.83 


.97 


.92 


.90 


1.10 1.29 


1.17 


1.16 


.34 


.36 


.34 




32° 


;8i 


.92 


.83 


.83 


.81 


.98 


.91 


.90 


1,06 1.30 


1.14 


1.08 


.33 


.37 


.30 




40° 


.V7 


.91 


.78 


.77 


.81 


.99 


.92 


.88 


1.02 1.35 


1.05 


1.03 


.32 


.34 


.39 




44° 


.83 


.91 


.33 


.84 


.83 


1.00 


.95 


.84 


1.08 1.24 


1.10 


1.00 


.34 


.32 


.39 
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Jigure 4.- Typical center of pressure curves. 



•r » 




4, n =32° 

e, » =40° 

f, » =44° 



Scale of drawing 
10 inches 



Figure 6.-Vector diagram, 30 "by 2 inch aileron up. 6 = 0°. Clark I airfoil. ^ 
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Pigaxe .6,~Vector diagram, 20 by 2 inchj aileron yp. 6 = 12°. Clark T airfoil. 
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figure 7. -Vector diagram, 20 "by 2 inch aileron tip. e = 20°. Clark Y airfoil. 
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Pigvire 8. -Vector diagram, 30 Tsy 3 inch aileron up. 6 = 40°. Olark T airfoil. ft 
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Figure 9. -Vector diagram, 20 by 2 inch aileron, ri^it up, left down. 0 = 0. Clark Y airfoil. 
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